HWAHAK KONGHAK Vol. 40, No. 6, December, 2002, pp. 694-702

e 2

HYE - O[LiZ - ZEHY -

1]

Ade|She 43, s

o
A,

(20023 49 202

20023 9¥ 114 A=)

The Effect of Residual Water on the Adsorption Process of Carbon Tetrachloride
by Activated Carbon Pellet

Sung Jun Jeong, Dae Lo Lee, Tae Young Kim, Jin Hwan Kim*Seung Jai Kim' and Sung Young Cho

Department of Environmental EngineerifiDepartment of Chemical Engineering,
Chonnam National University, Gwangju 500-757, Korea
(Received 20 April 2002; accepted 11 September 2002)

o
el

AR 4G RoplA] FiEE
TollAe g stellA] CTC(Cabon Tetrachloride, G
o] ZEEgEke oA 20%(wiwiE el e,
FA49Y 949 Langmuils-24 2.2 F HAMES
o AFgERRAe] FAo|

FHe B WA % 9T

A}, 3

A A B4, b B, T o

F25l

oll} CTCe Y-k, firdrmstel nhe JH**M F#ae] st 5 a4
2E A¥e

el

2 AERe GHe N5H0R AT, L

OF
<

= %&%7%54 T
el e
298.15 KilA] eelgl om] EAdgte) ek Abgaheae
e il S mE CClLel Fage sl

TS
LDF(linear driving forcep @& o-g-ala] iz}

Abstract — Activated carbons have been used as adsorbents in various industrial application, such as solvent recovery, gas
separation, deodorization, and catalysts. In this study, the effects of residual water on the activated carbon adsartmant surfac
the adsorption capacity of CQlere investigated. Adsorption behavior in a fixed bed was studied in terms of feed concen-
tration, flow rate, breakthrough curve and adsorption capacity fof. ©8borption characteristics of residual water on acti-
vated carbon were also studied. The water contents of the activated carbon were varied in the range of 0-20%(w/w) and all
experiments were performed at 298.15 K. The adsorption equilibrium dat@C@le activated carbon were well expressed by
Langmuir isotherm. The adsorption capacity of O#creased with increasing residual water content. Desorption of residual
water in activated carbon decreased expotentially with, @@3orption. The obtained breakthrough curves using LDF(linear

driving force) model represented our experimental data.
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Table 1. Physical properties of activated carbon used

Physical properties Activated carbon pellet

Supplier Norit(B4)
Equivalent diameter(cm) 0.326
Pellet length(cm) 0.670

BET surface area(ffy)" 826
Pore distributiof

Micropore distribution(<1 nm) 45.16%
Transition pores(1-100 nm) 9.68%
Macropores(>100 nm) 45.16%
Porosity 0.68

*from manufacturer

**from nitrogen adsorption at 77 K

Table 2. Physical properties of solvent used
Items CC),
Manufactured Showa(Japan)
Molecular weight 153.82
Purity grade[%] 99.5
Boiling point temp.[K] 349.85
Critical point pressure [atr] 45.0
Vapor pressure[mmHg] 114.38

*Properties are obtained from data book
**\/apor pressures were calculated from Antoine equation at 298.15 K
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Fig. 1. Schematic diagram of the vapor sorption apparatus.
1. Constant temperatutzath 5. Cahn electro balance
2. Gas storage vessel 6. Data analysis computer
3. Liquid vessel 7. Vacuum pump
4. Manometer 8. Constant unit
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Fig. 2. Flow diagram of adsorption system.
1. Air compressor
2. Silica gel
3. Constant temperature bath
4. Water bath

5. Pressure bottle
6. Flow meter

7. Thermocouple Thermometer
8. Humidity set
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Table 3. Operating conditions of gas chromatography

Items Contents
Packing material Silica DC-120
Column length 5m
Carrier gas He
Carrier gas flow rate 50 ml/min
Column temperature 15¢
Injector temperature 18c
Detector temperature 18a¢
Detector type FID

Table 4. Experimental conditions for fixed bed adsorption

9. Digital controller 13.P. C.
10. Furnace 14.G. C.
11. Chamber 15. Thermometer

12. Adsorption column
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Bed length(m) Velocity(m/sec) Conc.(mofm Water contents %(w/w) Bath temp.(K) Experimental temp.(K)
0.48 0.120
0.2 0.335 0,5, 10, 20 298.15-308.15 298.15
1.01 0.058
0.166

Bed porosityg;): 0.448 Packing density(): 370.88 kg/m
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Table 6. Langmiur parameters for adsorption equilibrium isotherms
0 o 1 2 3 "1 5 with respect to residual water of activated carbon
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Fig. 3. Adsorption equilibrium data and Langmuir, Freundlich, Sips
equation of CCl, at different temperatures.
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Fig. 12. Effect of residual water in activated carbon on adsorptic
capacities(298.15 K, y 1.01 m/s).
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Table 7. Adsorption dynamic constants for fixed-bed model simulation

Superficial velocity(m/s) hx10(m/s) Qx10%(m?s)
0.48 1.02 0.76
1.01 1.59 1.69

Table 8. Values of mass transfer coefficients and surface diffusivities
obtained by fixed-bed model simulation with respect to residual
water contents of activated carbon at different superficial velocities

Superficial velocity(m/s) &10%s™) Dx101Ym?s)
0.48 0.80-1.30 3.16-10.00
1.01 0.90-1.70 1.74-5.66
[ ]
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0 5 10 15 20
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Fig. 13. Effect of residual water in activated carbon on mass transfer
coefficients(298.15 K, y. 0.48 m/s).
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Fig. 14. Effect of residual water in activated carbon on surface diffusi

ities (298.15 K, y: 0.48 m/s).
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: adsorption parameter
: concentration in the fluid phase [mofjm

:initial concentration of bulk fluid [mol/f
: saturation concentration of the sorbate in the liquid phase [fhol/m
: equilibrium concentration [mol/f

: column diameter [m]

: effective diffusivity [nf/sec]

: knuden diffusivity [nf/sec]

: axial dispersion coefficient [ffsec]

: molecular diffusion coefficient [Asec]

: effective surface diffusion coefficient fitsec]

: distance through bed [m]

: adsorption parameter
- film mass transfer coefficient [m/sec]
: solid mass transfer coefficient fs

: weight of sorbent particle [kg/mol]

: equilibrium amount adsorbed on the adsorbent [mol/kg]

- moles of adsorbate adsorbed per unit mass of adsorbent [mol/kg]

: maximum adsorption capacity of adsorbent [mol/kg]

: concnetration adsorbed on the surface of adsorbent [mol/kg]
: radial distance [m]

> mean pore radius [m]

: particle radius [m]

: temperature [K]

: time [sec, hr]
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ty : time at break point [sec]
v :interstitial velocity [m/sec]
Vo : superficial velocity [m/sec]
Y : volume of solution [rf]
W : weight of sorbents [kg]
z : axial distance [m]
J2(0|Aa 2Kt
€ : void fraction
€ : bed porosity
€ : particle porosity
Pp : bed density [kg/f}
[ : fluid density [kg/ni]
[ : particle density [kg/r
Tsp : tortuosity, surface, pore
OfX}
Pe : peclet number
Re : reynolds number
Sc : schmidt number
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